WSN Gait Monitoring for Objective Evaluation of Rehabilitation Process by Postolache, Octavian et al.




, Senior Member IEEE, José M. D. Pereira
2,3
, Senior Member IEEE,  
Pedro Silva Girão
4






Instituto de Telecomunicações/ISCTE-IUL, Lisboa, Portugal 
2
Escola Superior de Tecnologia de Setúbal do Instituto Politécnico de Setúbal, Setúbal, Portugal 
3
 Instituto de Telecomunicações, Lisboa, Portugal 
4
 Instituto de Telecomunicações/DEEC-IST, UL, Lisboa, Portugal 
5
 Instituto de Medicina Molecular, Lisboa, Portugal 




Abstract - A survey of wireless sensor network solutions for gait 
assessment is presented including own developed solution gait 
assessment based on smart insoles nodes ZigBee compatible 
characterized by multichannel force measurement and MEMS 
inertial measurement IMU. The system was developed to measure 
ground reaction force, acceleration and direction of feet in order to 
provide information to physiotherapists for an objective evaluation 
of rehabilitation effectiveness. Based on acquired data from the 
sensing channels a set of  gait feature extraction  such as walking 
speed stride length, swing time are calculated as part of gait 
analysis.  Software for WSN node control, gait feature calculation 
and primary analysis of rehabilitation effectiveness developed for 
the physiotherapist was designed and implemented and preliminary 
tests were carried out for normal and simulated anomalous gait.  
 
Keywords - wireless sensor network, piezoresistive force sensors, 
inertial measurements, gait analysis. 
 
I. INTRODUCTION 
Clinical or quantitative gait analysis is a topic of paramount 
importance in which concerns the detection of gait 
abnormalities and the support of decision-making relating to 
people that are under physiotherapeutic treatments. It is 
important to obtain quantitative data regarding the 
measurement of forces and walking kinematic parameters like 
position, velocity and acceleration. There exist a large 
number of techniques that can be used for gait assessment. 
Image based techniques are powerful to recognize and 
identify gait abnormalities and to evaluate patients' evolution 
over physiotherapy treatments. However, these techniques are 
affected by the subjectivity of the observers that judge the 
quality of gait and by their accumulated knowledge and 
experience in the area. By its turn, even if there exist 
videography based techniques to perform kinematic analysis, 
these techniques, usually based on the usage of reflective 
markers, are also prone to errors related with the image 
accuracy and resolution that depends on the type of markers 
that are used and on the contrast between them and the 
surroundings.  Repeatability errors caused by variations in the 
positioning of the markers are also a great disadvantage of 
these methods. Another type of techniques that can be used 
for gait assessment are based on electromyography (EMG). In 
this case, EMG electrodes acquire voltage signals that give 
information about muscles' activations. However, these 
signals have a very low amplitude being required an adequate 
signal conditioning to obtain an acceptable signal-to-noise 
ratio of the signal before digitalization or recording. The 
electrodes pick up electrical noise and the electrodes' 
connecting wires behave like antennas that cause additional 
problems. Moreover, non-invasive surface electrodes only 
gives a gross estimation of muscle activity with low 
resolution. Even if it is true that every technique has its own 
advantages and disadvantages, in this paper quantitative 
techniques based on the usage of accelerometers [1-2], 
gyroscopes [3-4], inertial measurement units [5-7] and force 
sensing units [8] are considered. Transmission forces, body 
accelerations and direction, and other physical variables 
related with ground reaction forces are measured and 
processed, in a real-time mode, in order to extract gait related 
parameters. As a result of the present work, a low-cost, non-
invasive and wireless system for gait monitoring was 
implemented and tested with successful results. 
This paper is organized as follows: Sections II and III present 
the system's description, namely, its hardware and software 
parts, respectively; Section IV presents experimental results 




The paper presented a low-cost, non-invasive and wireless 
system for gait monitoring. Kinematic parameters related 
with acceleration and direction are obtained using an inertial 
measurement unit. Ground reaction forces are also accessed 
by using smart insoles that include, each one, a set of three 
force sensing resistors. The basic configuration of the system 
includes a coordinator node, the gait assessment base station, 
and two terminal nodes, each one in each leg of the subject 
under gait analysis, wirelessly interconnected. Several 
algorithms to extract, in time and in frequency domains, 
information about temporal, linear and angular movements 
were also developed. From the testing results it can be 
concluded that the proposed system represents a suitable 
solution to identify normal and abnormal gait patterns and to 
provide reliable information to physiotherapists concerning 
an objective evaluation during rehabilitation processes. 
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